New Certification Framework for Carbon Dioxide Storage Sites  by Carpenter, Mike & Aarnes, Jørg
 Energy Procedia  37 ( 2013 )  4879 – 4885 
1876-6102 © 2013 The Authors. Published by Elsevier Ltd.
Selection and/or peer-review under responsibility of GHGT
doi: 10.1016/j.egypro.2013.06.398 
GHGT-11 
New certification framework for carbon dioxide storage sites 
Mike Carpentera*, Jørg Aarnesa 
aDNV KEMA, Veritasveien 1, Høvik 1322, Norway 
Abstract 
This paper introduces a new certification framework for carbon dioxide storage sites published by DNV in 2012, 
Service Specification (DSS) 402. This framework is supported by Recommended Practice DNV-RP-J203 that 
describes a system for the selection, qualification and management of geological storage sites for carbon dioxide. The 
way in which DSS-402 may be used to issue verification statements and certificates in accordance with RP-J203 is 
described together with the underlying principles of performance based certification. DNV-RP-J203 is also compared 
and contrasted with the Canadian Standards Association standard CSA Z741-11 for geological storage of carbon 
dioxide that is due for publication in the fourth quarter of 2012. Reference is also made to the recently initiated 
process of standardization within the International Organization for Standardization (ISO). 
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1. Introduction 
Carbon Capture and Storage (CCS) is the only technology available to mitigate large-scale greenhouse 
gas emissions from fossil fuel based power generation and gas cleaning operations, both onshore and 
offshore.  CCS is considered to be a strategically important technology for upholding sustainable growth 
whilst reducing carbon dioxide emissions. 
Safe, reliable and long-term storage of captured carbon dioxide in geological reservoirs is a 
prerequisite for CCS and yet remains a key uncertainty affecting wide-spread deployment of the 
technology. In fact, the lack of a common international method for carbon dioxide storage site selection, 
risk assessment, monitoring and verification was highlighted by the International Energy Agency in their 
2009 Technology Roadmap for CCS [1] and was seen to be a crucial building block for the CCS industry. 
How can project developers, regulators and the public be assured that underground storage of carbon 
dioxide is safe, predictable and commercially viable over the long term? A new certification framework 
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for carbon dioxide storage sites is presented that has been designed to mitigate these uncertainties through 
a site-specific and risk-based approach to site selection, monitoring and verification.  
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Figure 1. Life cycle diagram for carbon dioxide geological storage projects showing decision gates (diamonds) and 
permits (stars). The certification framework  defined by DNV-DSS-402 is shown below the relevant project stages. 
The topics covered in DNV-RP-J203 are shown in the grey boxes. 
2. DNV-DSS-402 
DNV-DSS-402 [2] defines the following statements and certificates that may be issued in accordance 
with DNV-RP-J203 at successive stages of project development, as illustrated in Figure 1: 
 Statement of Feasibility 
 Statement of Endorsement 
 Certificate of Conformity (Storage) 
 Renewal of Certificate of Conformity (Storage) 
 Certificate of Conformity (Closure). 
3. DNV-RP-J203 
DNV-RP-J203 [3] forms the basis for the new certification framework and describes a system for the 
selection, qualification and management of geological storage sites for carbon dioxide. This document 
builds on five years of development work with industry and regulators that took the form of Joint Industry 
Projects and resulted in publication of the CO2QUALSTORE (2009) [4] and CO2WELLS (2011) [5] 
guidelines. The content of both these guidelines has now been streamlined and collated into DNV-RP-
J203, which will be actively maintained by DNV to take account of developments in the industry.   
A key intention of the new certification framework is to harmonize implementation of the geological 
storage of carbon dioxide in compliance with regulations, international standards and directives. To 
achieve this, the DNV-RP-J203 outlines generic workflows reflective of a site specific and risk-based 
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approach that, if followed, should contribute to enhanced traceability and efficient and streamlined 
implementation across projects. The RP is consistent with the ISO31000 international standard for risk 
management and DNV has drawn on the body of technical and regulatory experience held within the 
upstream oil and gas industry throughout the development process.   
 
4. Performance based certification  
Due to large variability in the characteristics of prospective sites for geological storage of carbon 
dioxide it is important to apply procedures for site selection that can be tailored to the unique 
characteristics of each site. To accommodate this, DNV believes it is necessary to adopt performance 
based certification in combination with a risk-based assessment process.  
This combination will provide a more robust alternative to prescriptive certification because 
performance based certification is more appropriate for technologies for which application and solutions 
vary from case to case. Risk-based assessment is a systematic approach to identify, evaluate and mitigate 
potential threats including failure to fulfill specified performance targets. 
Such an approach ensures that the burden of proof resides with each project developer in the context of 
large natural variations in storage site geology. This concept, here referred to as a site-specific approach, 
is consistent with usual practice for exploration, appraisal and engineering concept selection in the 
upstream oil and gas industry. Furthermore, to stimulate a drive towards continuous risk reduction 
throughout all stages of a carbon dioxide geological storage project it is important that decisions with 
regard to site selection and development are risk-based.  
This implies the following points:  
 storage sites should be chosen to minimize exposure to any inherent natural risks;  
 monitoring and certification programs should be tailored to each individual site;  
 project developers should demonstrate repeatedly during the life time of a project that any remaining 
inherent risks or engineered systems are properly controlled and managed in compliance with 
applicable regulations, best engineering practice and best available technology. 
5. Defining an acceptable level of risk  
DNV-RP-J203 proposes a methodology for project developers and regulators to determine what are 
acceptable and un-acceptable risk levels for a geological storage site. This methodology is based on the 
levels of risk/uncertainty reduction achieved through implementation of a defined safeguard, or range of 
 
The performance targets specify the risk and/or uncertainty  reducing measures that shall be 
implemented in order to reduce the risk to an acceptable level. Performance targets shall be tailored to the 
unique characteristics of each site. Project specific performance targets are regarded as a key instrument 
to reach consensus on conditions for granting of relevant permits. This may include defining project 
specific conditions for granting of the initial storage permit, project specific conditions for site closure, as 
well as requirements to demonstrate responsible operation and project development in accordance with 
previously agreed performance targets.  
The DNV-RP-J203 will help those directly involved in the implementation and permitting of 
individual carbon dioxide storage projects to reach agreement in key areas. The document is aimed at 
individual project developers, operators and local authorities, as well as regulators and policy makers at 
national and international level. Figure 2 illustrates the risk management process used in DNV-RP-J203. 
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Figure 2. Recommended risk management process for the geological storage of carbon dioxide.
6. Monitoring an acceptable level of risk
Follow up of performance targets will be fundamental to the trustworthiness of a carbon dioxide
storage site. Monitoring requirements and activities are described throughout the life cycle of a storage 
site in order to ensure that appropriate base line measurements are acquired, risk reducing measures are
triggered and performance targets are met. Figure 3 illustrates the location of references to monitoring in 
the DNV-RP-J203 document.
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Figure 3. References to monitoring in the DNV-RP-J203 document.
7. Comparison with CSA Z741-11
The bi- -Z741-11 Geological Storage of Carbon 
he fourth quarter of 2012 by the Canadian Standards Association.
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While this standard shares similarities with DNV-RP-J203, for example with regard to intended 
audiences, there are some notable differences. The list below highlights some of the key similarities and 
differences. 
7.1. Development 
CSA-Z741-11 was developed by a technical committee and associated working groups comprised of 
experts from U.S.A. and Canada, with the regulatory environment in these two countries in mind. The 
members of the technical committee included representatives from academia, oil and gas operators, 
service providers, and regulators. The development of the standard was coordinated by the Canadian 
Standards Association (CSA).  
DNV-RP-J203 evolved from two guidelines that were developed in two joint industry projects with 
participation from oil and gas operators, regulatory authorities, CCS interest organizations, and service 
providers. The conversion from these two guidelines into the certification framework consisting of DNV-
RP-J203 and DNV-DSS-402 was done by DNV. 
7.2. Scope 
There is some overlap in the scope of CSA-Z741-11 and DNV-RP-J203, for example in site 
characterization and risk management, but there are also some key differences. The sections on 
-Z741-11 are outside the scope of 
DNV-RP-J203. The DNV document, in turn, has more focus on the permitting process and associated 
documentation needs. DNV-RP-J203 also has a section on well qualification, which presents 
requirements and activities needed to ensure that new and existing wells within the boundaries of a 
storage site are fit for purpose for their respective functions. The sections in CSA-Z741-11 on 
covered by 
DNV-RP-J203. 
Both documents are intended to be performance based and allow operators to account for site specific 
characteristics and circumstances, but the CSA-Z741-11 standard tends toward more prescriptive 
requirements. This is perhaps most notable in 
makes reference to numerous other standards. 
7.3. Applicability 
Both DNV-RP-J203 and CSA-Z741-11 provide guidance to operators regarding the implementation of 
a storage project, and hence lend themself to support project planning and management. Both documents 
also form a good basis for a discussion with regulators or other stakeholders regarding which 
requirements would need to be fulfilled in order to demonstrate the suitability of a site, the site facilities, 
and the plans for injection, operation, monitoring and risk management. 
A key difference between CSA-Z741-11 and DNV-RP-J203, in our view, is that the latter forms an 
integrated part of a certification framework as described in this paper: 
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 DNV-DSS-402 specifies the scope for four different verification activities which, if successfully 
completed, allows the operator to earn a corresponding verification statement or certificate. The scope 
of these verification activities is intended to be aligned with the natural progression of a site selection, 
appraisal and permitting process leading up to the issuance of a storage permit or equivalent from the 
associated regulatory authority.  
 The requirements laid out in CSA-Z741-11 range from early stage screening activities, through the 
appraisal stage, the execution stage (well infrastructure development), to the operation (risk 
management and monitoring) and closure stages. As such it is unlikely that an operator or regulator 
will request verification based on the complete standard. This implies that, in order for the CSA-Z741-
11 to be used as a basis for verification, the project components subject to verification in accordance 
with CSA-Z741-11 must be defined and agreed. 
8. ISO Technical Committee 265 
In May 2011 Canada submitted a proposal for a new field of technical activity within CCS to the 
Central Secretariat of the International Organization for Standardization (ISO). In response to this request, 
ISO constituted a Technical Committee, TC 265, which held its first meeting in France in June 2012.  
TC 265 has the following defined scope: Standardization of design, construction, operation, 
environmental planning and management, risk management, quantification, monitoring and verification, 
and related activities in the field of carbon dioxide capture, transportation, and geological storage (CCS) . 
CSA-Z741-11 may be expected to form the basis of the storage component of an eventual ISO 
standard for CCS, but no comparable basis currently exists for the capture and transport components. 
Final publication of an ISO standard is not expected before 2014, at the earliest. 
9. Conclusion 
The certification framework presented here has been designed to mitigate the uncertainties associated 
with the geological storage of carbon dioxide through a site-specific and risk-based approach to site 
selection, monitoring and verification. DNV-RP-J203 and DNV-DSS-402 differ from the CSA-Z741-11 
voluntary standard by providing a complete certification framework designed to follow the capital value 
process for geological storage site development. 
 
 By using DNV-DSS-402, storage site operators are provided with:  
 a transparent basis for examination and decision-making to meet internal milestones and decision 
gates;  
 a guide to set performance targets that will enable the granting of relevant permits for individual sites;  
 the basis for establishing predictable operating conditions and consistency and efficiency in project 
development based on regulatory frameworks, best engineering practice and best available technology.  
 
Regulators and national authorities are provided with:  
 a guide to verify that sites have been selected and assessed to be suitable for geological storage of 
carbon dioxide in line with a standardized and globally recognized procedure;  
 a standardized reference for permitting and certification;  
 a technical basis for development of national regulations for storage of carbon dioxide aligned with 
industry best practice and national regulations.  
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Public and third parties are provided with assurance that a certified storage site is selected based on a 
recognised process, that it will be safely and responsibly managed according to recommended practices 
for sustainable carbon dioxide storage and that it is in compliance with regulations, codes and standards.  
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